Across four studies, we used mouse tracking to identify the dynamic, on-line cognitive processes that underlie successful self-control decisions. First, we showed that individuals display real-time conflict when choosing options consistent with their long-term goal over short-term temptations. Second, we found that individuals who are more successful at self-control-whether measured or manipulated-show significantly less real-time conflict in only self-control-relevant choices. Third, we demonstrated that successful individuals who choose a long-term goal over a short-term temptation display movements that are smooth rather than abrupt, which suggests dynamic rather than stage-based resolution of self-control conflicts. These findings have important implications for contemporary theories of self-control.
Research Article
People find it difficult to regulate their behavior according to long-term goals rather than short-term temptations-in other words, exert self-control (Mischel, 2014) . For instance, health-minded people may find themselves reaching for chocolate instead of an apple. Although researchers have identified personality and situational factors that predict successful self-control decisions, much less is known about how cognitive processes unfold in real time to enable such decisions. An in-depth, micro-examination of how conflict is resolved when one resists temptation could reveal valuable information about successful versus unsuccessful choices and have important implications for self-control processes more broadly.
Traditional measures of conflict, however, largely rely on self-report data and are not able to quantify conflict over mere seconds. Furthermore, self-reports depend on respondents being able and willing to report their conflicts (Kleiman & Hassin, 2011) . Implicit reactiontime measures similarly provide off-line assessments and do not reveal the ongoing changes in cognitive processes as someone progresses through a decision. And although measures that capture neural activity do provide on-line assessments, they typically lack either spatial (electroencephalogram) or temporal (functional MRI) precision.
In the present research, we used mouse tracking to measure real-time conflict resolution during successful self-control choices. Continuous motor output of the hand within a choice paradigm captures dynamic conflict between competing options (Freeman & Ambady, 2009; McKinstry, Dale, & Spivey, 2008; Wojnowicz, Ferguson, Dale, & Spivey, 2009 ). This method captures, in a nonobvious and unobtrusive manner, the real-time temporal profile of conflict during a successful selfcontrol choice. As someone chooses an apple instead of chocolate, for instance, one can measure the person's mouse movements and assess whether, to what extent, and how the movement veers toward the chocolate.
We addressed three questions about real-time conflict resolution during successful self-control decisions.
705386P SSXXX10.1177/0956797617705386Stillman et al. Real-Time Self-Control research-article2017 First, we established that hand movements during a mouse-tracking task reflect self-control conflict in real time. Second, we investigated whether conflict during successful self-control choices depends on self-control ability. Third, we examined how conflict is resolved-is it resolved as a function of sequential processes (i.e., abrupt, discrete) or more dynamic, iterative processes (i.e., smooth, gradual)? Does Conflict Emerge in Real Time During Successful Self-Control Choices?
Traditional models of cognition assumed that decisions precede motor movements, so that when one selects an apple instead of chocolate, motor output is not influenced by the unchosen option (for a review, see Spivey, 2008) . Recent evidence, however, shows that as one is moving a computer mouse toward one of two response options on a computer screen, hand movement varies according to the ongoing decision-making processes (Freeman & Ambady, 2011; Gold & Shadlen, 2001; Spivey, 2008) . When choices are in conflict, trajectories reveal an early bias for one option that is then corrected (Dale, Kehoe, & Spivey, 2007; McKinstry et al., 2008) . For example, Dale and colleagues (2007) showed that during the categorization of the atypical exemplar "whale" as "mammal" (vs. the tempting yet incorrect option, "fish"), participants' movements veered closer to "fish" than when the target was a typical mammal.
If the cognitive processes underlying self-control decisions and the motor movements involved in enacting those decisions unfold in tandem, one would expect that when choosing an apple, one is drawn toward the chocolate. This would align with other recent findings showing that hand movement is tightly linked to underlying conflict-resolution processes (Freeman, Dale, & Farmer, 2011) . We predicted that even though individuals know that they should eat an apple instead of chocolate in order to be healthy, interference from the temptation (i.e., conflict) should nevertheless occur when choosing the apple. This would be consistent with research showing the automatic influence of temptations on attention, cognition, and affect (e.g., Fishbach, Friedman, & Kruglanski, 2003) .
Recent work suggests that mouse tracking can capture components relevant to self-control. However, whereas this work focused on the timing of incorporation of attributes into choices (Sullivan, Hutcherson, Harris, & Rangel, 2014) , ambivalence while evaluating foods (Gillebaart, Schneider, & De Ridder, 2016) , or distinguishing and validating different metrics of mouse tracking in an intertemporal choice context (Cheng & González-Vallejo, 2015) , the present study focused on the nature of conflict between two options and how it is resolved within self-control decisions.
Do Successful Self-Regulators Show Less Real-Time Decisional Conflict Than Unsuccessful Self-Regulators?
If real-time conflict in the mouse-tracking task reflects self-control processes, it should be influenced by factors theorized to influence self-control (e.g., ability, importance). For example, among people skilled at selfcontrol, nonconscious processes are assumed to reduce the degree to which a "temptation" is tempting, which minimizes conflict between two options (Fishbach, Zhang, & Trope, 2010; Fujita, 2011) . To the skilled dieter, a piece of cake might not even activate conflict. However, such hypotheses are rarely tested with a direct measure of conflict, much less a real-time measure of conflict between the goal and the temptation. Our second aim, therefore, was to show that selfcontrol ability (measured and manipulated) leads to less conflict during successful self-control decisions. We further demonstrated that self-control ability would not influence real-time conflict in self-control-irrelevant decisions.
How Is Real-Time Conflict Resolved?
If mouse-tracking conflict reflects self-control processes, then one can investigate how conflict is resolved in real time. The most widely endorsed theoretical models for self-control are dual-process approaches (Hofmann, Friese, & Strack, 2009; Kahneman, 2011) . These perspectives assume that successful self-control requires inhibiting impulses toward temptations-that is, System 2 (controlled) processes effortfully inhibit System 1 (automatic) processes. For example, Kahneman (2011) argues that "one of the tasks of System 2 is to overcome the impulses of System 1. In other words, System 2 is in charge of self-control" (p. 26).
These two systems are generally assumed to operate sequentially, as System 2 takes more processing time relative to System 1 to exert influence (Shiv & Fedorikhin, 1999) . The positivity (reward) associated with temptations is first activated automatically, whereas the rejection of that temptation requires (temporally delayed) effortful inhibition by more deliberative processes (i.e., System 2). Although these models do not specify exactly how the transition between System 1 and System 2 occurs, it is generally described as sequential. That is, temptations are activated automatically (via System 1) and have sole influence initially in self-control decisions. If the decision is successful, the long-term goal eventually effortfully inhibits those temptations (via System 2; Hofmann et al., 2009 ). This perspective predicts that mouse movements during successful self-control decisions will initially veer toward the temptation and then abruptly reverse toward the goal-consistent option once System 2 comes on-line. Thus, this perspective predicts abrupt movements in such decisions. This approach also allows, however, that the supposed "temptation" may not always be tempting (e.g., a hamburger for a vegetarian). In these nonconflict cases, hand movements would proceed directly to the goal (i.e., Systems 1 and 2 are predisposed toward the same option). Over the course of many decisions, this dual-mode perspective thus predicts a combination of indirect and abrupt trajectories (i.e., high-conflict decisions) and direct and straight trajectories (i.e., no-conflict decisions)-in other words, a bimodal distribution of conflict (see Fig. 1 ).
In contrast to dual-system approaches, dynamicalsystems models of decision making (outside of the self-control literature) contradict the idea that decisions unfold sequentially with input from two (computationally) distinct systems or processes. Instead, dynamical models suggest that information from both choice options would be activated from the beginning and interact over time dynamically until a final response emerges (Freeman & Ambady, 2011; Gold & Shadlen, 2001; Spivey, 2008) . This perspective aligns with certain findings in self-control research. For example, information about goals and temptations can be activated automatically and rapidly from the earliest onset of the decision and subsequently predict decisions (Critcher & Ferguson, 2016; Ferguson, 2007; Fishbach et al., 2003) . This perspective predicts that goal and temptation information should be activated simultaneously from the beginning and compete against each other dynamically over time until a response emerges.
This suggests that mouse-tracking movements during successful self-control decisions should appear smooth.
Overview of the Present Studies
We tested these questions using mouse tracking in the domains of healthy eating (Studies 1 and 2) and intertemporal choice (Studies 3a and 3b). Study 1 demonstrated that the mere presence of temptations leads to real-time conflict during successful decision making and that conflict during self-control decisions predicts a real self-control decision. The remaining studies showed that conflict is reduced for people with enhanced self-control, whether measured (Study 2) or manipulated (Studies 3a and 3b). Further, these effects emerged only during self-control choices (Study 2) and only when participants chose the goal over the temptation (Studies 3a and 3b). Across all studies, we examined the nature of conflict resolution-whether trajectories appear smooth or abrupt-and thus provide novel evidence about how individuals successfully resolve self-control conflicts in real time.
For all studies, we report how we determined our sample size, all data exclusions, all manipulations, and all measures used (Simmons, Nelson, & Simonsohn, 2012) . Further, across all studies, data were collected in a single wave and then analyzed (no participants were added following the first analyses).
Study 1: Healthy Versus Unhealthy Food Choices
On each of 200 trials, we presented participants in Study 1 with a choice between two food options and asked them to select the food that they should eat on
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Dynamical Systems Start Start Fig. 1 . Predictions of dual-systems and dynamical-systems models within a successfully resolved self-control conflict. Given the choice between two options, dual-systems models predict either direct trajectories toward the tempting object followed by abrupt midflight corrections toward the healthy option when the controlled and automatic systems compete (solid line) or direct trajectories toward the healthy object when the two systems agree (dashed line). Dynamical-systems models, in contrast, predict smooth trajectories that cover the spectrum of possible curvature amounts.
average to be healthy, thus limiting responses to a "correct" answer. The trials either posed a self-control dilemma (unhealthy vs. healthy foods) or did not (healthy foods vs. inedible objects). We predicted (a) greater conflict on trials that involved self-control than on those that did not (expecting mouse movements to veer more toward temptations than nonfood items), (b) that average conflict during self-control trials would predict participants' real-life choice between an apple and chocolate, and (c) that trajectories would be smooth versus abrupt.
Method
Participants. Eighty-one undergraduate students at Cornell University participated for partial completion of course requirements. We based our sample size on past work using within-subjects designs and a mouse-tracking task (Sullivan et al., 2014) . However, choice data were unavailable for 6 participants, and so we extended our data collection by approximately 1 week.
Procedure and stimuli. Participants completed 200 trials of decisions in which we used MouseTracker software (Freeman & Ambady, 2010; www.mousetracker.org) to record participants' x-and y-coordinate mouse movements as they made their decisions (approximate sampling rate = 70 Hz). On each trial, participants first clicked a small rectangle labeled "Start" at the bottom center of the screen. Once this was clicked, two images appeared, one in the upper-left and one in the upper-right corner of the screen (see Fig. 2 ), along with a caption that read "Choose." On half of the trials, participants saw pairings of one healthy food and one unhealthy food. We labeled these trials the self-control trials because they pitted taste goals against health goals, invoking a classic self-control dilemma (e.g., Sullivan et al., 2014) . On the other half of trials, participants saw pairings of a healthy food and an inedible object, which we label the comparison trials.
Thus, half of trials constituted a self-control dilemma (i.e., selecting the healthy nontasty food instead of the unhealthy tasty food) and half constituted a decision not obviously related to self-control. Participants were instructed to choose as quickly as possible which of the two foods would most help them meet their health and fitness goals. This allowed us to restrict participants' responses to a single correct response (Freeman & Ambady, 2010) , which allowed for better comparison of trajectories from one trial to the next.
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To ensure that participants' decisions were ecologically relevant, we instructed them that they would be given one of the foods that they chose in the experiment. However, at the conclusion of the study, we told participants that they could choose between an apple and a candy bar, regardless of the kinds of choices they made in the task itself. We subsequently recorded whether participants chose the healthy or unhealthy food (choice data from 6 participants were unavailable, and these participants were dropped from analyses involving choice behavior).
To create maximal conflict on our self-control trials, we selected 10 foods that were rated in a pilot study as being healthy but not tasty (e.g., Brussels sprouts) and 10 that were rated as tasty but not healthy (e.g., brownies) for use in the self-control trials (see the Supplemental Material available online for pilot-testing details). For the comparison trials, in order to present a low-conflict choice unrelated to self-control, we pitted healthy objects against 10 inedible objects (e.g., a printer, a box). Participants saw all 200 possible pairings between the 10 healthy and 10 unhealthy foods, as well as the 10 healthy foods and 10 inedible objects. All trials were presented randomly, as was the left-right position of each food on screen. After completing all trials, participants were asked whether they were currently on a diet (see Appendix SA in the Supplemental Material). However, because our sample contained a relatively small number of dieters, and because we Start Choose t Fig. 2 . Screen shots from an example self-control trial in Studies 1 and 2. After participants pressed the start button, two options appeared (one healthier and one tastier), along with the instruction to choose one. Participants used the mouse to indicate which option they should eat in order to promote their health goals. made our strongest predictions for dieters with good self-control, we did not have strong a priori hypotheses for these data.
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Results
Mouse-tracking data preparation. We prepared our data in line with standard practices (Freeman & Ambady, 2010) . Specifically, we time-normalized the trajectories into 101 time bins and rescaled every response such that each trajectory terminated at the top-right response location. We then removed trajectories that were ±3 standard deviations from the mean on reaction time, area under the curve (AUC), and time until initial mouse movement. We then omitted trials in which participants made the "incorrect" choice (i.e., did not choose the healthy food). All totaled, this excluded 7% of trials. An additional method of data cleaning removes trajectories with AUCs greater than 3, as values in this range suggest that trajectories loop or double back on themselves. As this consisted of a large amount of our sample (up to 16%), we opted to keep these trajectories.
In order for mouse trajectories to reflect real-time decisions, participants must be moving their mouse from the onset of the choices, rather than waiting until relatively late in their processing stream to begin moving the mouse. Mean initialization time after removing outliers was 130.41 ms (SD = 98.85).
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Real-time conflict. To investigate conflict, we analyzed the AUC. This metric reflects the area between the actual trajectory and an ideal (i.e., straight) trajectory. This metric has been validated as a measure of relative competition between two options-the more the two response options compete, the less direct the mouse trajectory will be, which results in a greater AUC (Freeman & Ambady, 2010) . This metric thus captures information about the temporal dynamics of conflict between two choice outcomes from the very beginning of a decision. Unless otherwise noted, we predicted conflict on a trial-by-trial basis using mixed-effects modeling with the lme4 package in R. In these analyses, we analyzed trials nested within participants, which allowed us to estimate the conflict of each individual trial trajectory instead of aggregating across trajectories. All analyses used fixed slope and variable intercept models.
Using the AUC metric of conflict, we first investigated whether self-control trials produced significantly greater conflict than comparison trials. Consistent with our hypotheses, results showed significantly greater conflict in the self-control trials (mean AUC = 0.96, SD = 1.29) relative to the comparison trials (mean AUC = 0.67, SD = 1.08), b = 0.29, 95% confidence interval (CI) = [0.26, 0.33], SE = 0.01, t(15001.09) = 15.75, p < .001. This supports our first main hypothesis that conflict should be greater when the choice is a self-control choice (that thus involves a tempting alternative) than when the choice is self-control irrelevant (food vs. an inedible object). We note that this effect was (unexpectedly) moderated by dieting status (p = .02), such that in comparison (but not self-control) trials, being on a diet corresponded to nonsignificantly more direct trajectories (p = .16).
We next tested our second hypothesis-that participants' average conflict in the self-control trials should predict their eventual choice of an apple versus a chocolate bar after the mouse-tracking task. If conflict during a self-control dilemma is indeed reflective of self-control processes more generally, we would expect fewer apple (healthy) choices as conflict increases. This should still be true even when controlling for average curvature in the comparison trials (though we did not make strong predictions as to how curvature in comparison trials predicted choice). Consistent with our predictions, results revealed that greater average conflict in self-control trials was marginally related to reduced likelihood of choosing the healthy option Nature of trajectories. Mouse-tracking metrics allow one to detect whether the temporal evolution of trajectories follows an abrupt, impulse-inhibition profile or a smooth, dynamic competition profile. We used two existing methods of quantifying the nature of trajectories: the maximum deviation of trajectories-which quantifies individual trajectories as abrupt versus smooth-as well as a metric to quantify the bimodality of the distribution of conflict.
Maximum deviation. One way of investigating whether an individual appeared to use impulse inhibition on a given trial was to examine whether the maximum deviation of the trial exceeded a certain amount. Maximum deviation is obtained by taking the maximal distance between the actual trajectory and an ideal (i.e., straight) trajectory. Past research has shown that trajectories for which the maximum deviation is greater than .9 demonstrate the dramatic midflight corrections that abrupt, impulse-inhibition accounts predict (Freeman, 2014) .
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Using the maximum-deviation measure allowed us to test both the prevalence of impulse inhibition in self-control decisions, as well as predict who will rely on impulse inhibition and when they will do so. It is possible that individuals who need to frequently engage in impulse inhibition may be those whose first lines of defense are failing and are thus producing initially indulgent responses, which must then be corrected. Supporting a smooth, dynamic evolution of choice, analyses revealed that only 26% of total self-control trials appeared to show the large midflight correction (see Table 1 ).
Beyond overall descriptive statistics, however, we also tested whether individuals relying on a seemingly abrupt, impulse-inhibition approach tend to be more or less successful. Some theorists have argued that impulse-inhibition processes may constitute only a small minority of successful self-control decisions (Galla & Duckworth, 2015; Hofmann, Baumeister, Förster, & Vohs, 2012) and may instead serve as a last line of defense when other processes have failed (Fishbach & Trope, 2005; Fujita, 2011) . Although effortful inhibition of impulses may occur occasionally, perhaps especially in poor self-regulators, they are supplemented by automatic processes that promote the goal over the temptation. For example, effective self-regulators automatically activate the goal when presented with the temptation, but do not activate the temptation when presented with the goal (Fishbach et al., 2003) . Supporting the claim that individuals with worse self-control are the ones relying on impulse inhibition, results showed that participants with a higher overall proportion of self-control trajectories with maximum deviation greater than .9 were marginally less likely to select the apple than the chocolate bar, b = −3.13, 95% CI = [−6.69, 0.19] , SE = 1.74, Z = −1.80, p = .07.
Bimodality. A second way of quantifying the nature of mouse trajectories is to test the bimodality of the distributions of conflict across all mouse-tracking trials (Freeman & Dale, 2012) . As mentioned earlier, the logic is that if trajectories are indeed the function of an abrupt, stagebased process, then one would expect to overwhelmingly see two different trajectory profiles. In a stage-based cognitive system, the fast system automatically activates desire toward a certain response (often the temptation but sometimes the goal), after which the slow system comes on-line and either (a) inhibits the initial decision (i.e., standard impulse inhibition)-which results in a pronounced midflight correction that corresponds to a high amount of conflict-or (b) affirms it-which results in a direct trajectory with minimal conflict. If trajectories are following a stage-based process, then one would expect conflict to show a bimodal distribution because trajectories are likely to have either minimal conflict or a large degree of conflict (see Fig. 1 ). On the other hand, smooth, dynamical processes suggest dynamic competition of both responses from an early time point and thus predict unimodal distributions of conflict that are graded to the level of competition on a given trial. Therefore, if our distributions are bimodal, that is evidence of abrupt, stage-based processing, whereas if they are unimodal, that is evidence of smooth, dynamical processing.
To quantify bimodality, we used Hartigan's dip statistic (HDS; Freeman & Dale, 2012; Hartigan & Hartigan, 1985) , which gives a statistic and a p value for a test against the null hypothesis of unimodality-if the test is significant, one can reject the hypothesis that the distribution is unimodal. Using this test, we found no evidence for bimodality in either self-control trials, d = .002, p = .99, or comparison trials, d = .002, p = .99 (see Fig. 3 ). This is thus preliminary evidence that, overall, self-control decisions appear to unfold in a smooth, rather than abrupt, manner.
Reaction times. One potential criticism of using mouse trajectories is that they offer no new data beyond those already available using decision reaction times (but see Wojnowicz et al., 2009) . Although conflict and reaction time were correlated (r = .4), unless otherwise noted, 6 our results remain unchanged when controlling for reaction time. Further, conducting the same analyses with reaction time as the dependent variable or predictor of interest generally did not yield the same conclusions as with spatial conflict (for instance, reaction times did not predict participants' choice at the end of the study, p = .7). Together, these data suggest that although reaction time may often be an important and potentially illuminating component of a decision, mouse tracking captures variance that is distinct from that revealed by reaction time. Finally, real-time conflict further appears to be distinct from other mouse-tracking metrics (e.g., Sullivan et al., 2014) , which we describe in the Supplemental Material.
Study 2: Healthy Versus Unhealthy Food Choices
Study 1 showed that conflict during self-control choices was greater than in comparison trials and predicted successful self-control when choosing between a healthy and an unhealthy food. Furthermore, participants' mouse trajectories were smooth rather than abrupt. Study 2 tested whether participants with higher self-reported self-control ability would show reduced conflict, specifically during self-control-relevant trials (long-term goal vs. temptation) but not in comparison trials. We also measured the importance of the goal (i.e., participants who were dieters would be more motivated to choose the healthy option than participants who were not on a diet). If self-control ability predicts self-control conflict, we would expect to see the strongest effects of ability among people who experienced the trials in which they had to choose between a healthy and an unhealthy item as a self-control dilemma. Finally, we expected successful trajectories to be smooth.
All Four Studies Study 3b
Study 3a 
Method
Participants. A power analysis (using a moderate effect size of ρ = .25) suggested that we would need a total sample of approximately 200 individuals. We thus had a target of 100 dieters and 100 nondieters. In previous studies with this sample, approximately 35 to 40% of participants reported dieting. We thus set our target sample size at 250 analyzable participants in order to get an appropriate number of dieters. Overall, 264 undergraduate students at The Ohio State University participated for partial completion of course requirements. Seven participants had incomplete data and were not analyzed. Two participants were recorded as the same participant number, which made connecting their questionnaire and mouse-tracking data impossible, and therefore were excluded from analysis.
Materials and measures
Food stimuli and mouse tracking. The mouse-tracking component of the study was identical to that in Study 1, except that in Study 2 we replaced the comparison trials with decisions between two healthy foods. We did this in order to include control trials that were high conflict (difficult choices) but were not classic self-control choices. In this way, whereas in Study 1 we predicted that choosing a long-term goal option over a temptation would lead to more conflict compared with choosing a goal over an inedible item, in this study, we examined conflict during two types of trials that should be similarly difficult and thus produce possibly similar levels of conflict. We therefore did not examine the amount of conflict between the two types of trials but rather whether self-control ability predicted the amount of conflict during the self-controlrelevant (but not comparison) trials. The comparison trials captured decisional conflict but not self-control conflict. This tested our prediction that self-control ability should predict conflict only in the self-control trials and not in the comparison trials. To maintain even trial numbers, we added five additional healthy foods to be used during the healthy-healthy (i.e., comparison) trials.
Self-reported self-control surveys and dieting status.
Following the mouse-tracking component of the study, participants completed food-rating items (see the Supplemental Material), dieting questions (with the dieting items in randomized order), the subjective self-control measures and behavioral indicators (order randomized), and exploratory personality variables (see the Supplemental Material).
For our individual-difference measures of self-control ability, we collected both domain-general and domainspecific (i.e., dieting) self-report measures of ability. Collecting both domain-general and domain-specific measures allowed us to test whether this "specificity" factor influences whether self-control ability predicts conflict. For example, it might be that only self-report measures in the domain of dieting predict conflict during dieting decision making, and perhaps only for people who are on a diet. However, if self-control ability is domain general, as some researchers have argued (e.g., Muraven & Baumeister, 2000) , then indicators of self-control ability that are not ostensibly about dieting per se (e.g., generalized measures of ability) may predict conflict in a dieting-choice task.
For domain-general self-control ability, we used three existing validated measures, the Barratt Impulsiveness Scale (Patton, Stanford, & Barratt, 1995) , the long form of the Tangney Self-Control Scale (Tangney, Baumeister, & Boone, 2004) , and the Chen Self-Efficacy Scale (Chen, Gully, & Eden, 2001) , as well as the unpublished Kalkstein Self-Control Efficacy Scale (see Appendix SB in the Supplemental Material). We used multiple measures in order to capture a reliable index of this individual difference. We did not have any strong a priori expectations about which would be most related to conflict.
To assess self-control success in the domain of dieting, we asked participants about their beliefs about the efficacy of dieting (e.g., "It is easy for me to eat healthy foods"; 1 = strongly disagree, 7 = strongly agree), as well as their evaluations of their success with past and future dieting behavior (e.g., "If I were to go on a diet tomorrow I would be able to stick with it"; 1 = strongly disagree, 7 = strongly agree).
We administered dieting items from a number of sources as well as adding our own (van Strien, Frijters, Bergers, & Defares, 1986; see Appendix SA). These items assessed whether participants were currently dieting, whether participants had and followed health goals, and whether they had dieted in the past or planned to do so in the future. We also asked a number of exploratory questions including how hungry participants were and when their last meal had been, how far away they were from their ideal weight, whether or not they had any food restrictions, and how much they would be willing to pay to "buy" their ideal weight. For these exploratory measures, our predictions were outside the scope of the present research, and we thus do not discuss them further.
Results
Data were prepared as in Study 1, and 8.5% of trials were removed from analysis on the basis of the exclusion criteria used previously. Mean initialization time after outliers were removed was 110.25 ms (SD = 92.98).
Effect of trial type on conflict. We predicted that measured self-control ability should predict real-time mousetracking conflict only during self-control-relevant decisions and not during self-control-irrelevant decisions. We therefore chose the control decisions to be difficult but unrelated to self-control (rather than choosing low-conflict control decisions, which might have prevented any effects because of low variability of conflict). Although we did not have any a priori claims about which type of trial would contain more conflict, there was a main effect of trial type; specifically, there was greater conflict on the comparison trials (mean AUC = 1.16, SD = 1.54) relative to the self-control trials (mean AUC = 0.97, SD = 1.35), b = −0.08, 95% CI = [−0.09, −0.07], SE = 0.006, t(46590.10) = −12.34, p < .001. This likely reflects the fact that electing the healthier of two healthy foods can be more ambiguous (and therefore difficult) than choosing the healthy food when the unhealthy food is available.
Effect of self-control on real-time conflict
Domain-general measures. We predicted real-time conflict from self-reported self-control, trial type (selfcontrol-relevant vs. comparison), and their interaction. Because the self-report measures of self-control were correlated (rs = .28-.74; see Table S1 in the Supplemental Material), we combined all items into a composite selfreport self-control variable (α = .94; see the Supplemental Material for individual analyses separately). As predicted, we found a significant two-way interaction of self-control and trial type on conflict, b = −0. 35. This supports our prediction that self-reported generalized self-control success would be related to reduced conflict on self-control-relevant trials, but not on trials that are irrelevant to self-control. These results show that generalized self-control ability predicted conflict during choices in the specific domain of healthy eating. In other words, domaingeneral self-control success predicted conflict in a specific domain. Another way to test this "generality" finding is to examine whether generalized self-control ability was a better predictor of conflict on the mousetracking dieting task for dieters than for nondieters. This might happen for at least two reasons. First, among dieters, the generalized self-report measures might be actually tapping dieting ability primarily. Second, dieters may care more than nondieters about the goals of healthy eating as well as indulgence, and therefore may have experienced the healthy-unhealthy conflicts as a self-control dilemma more so than nondieters did. For these participants, self-control ability may have been more influential in the resolution of conflict between healthy and tasty options. Given these possibilities, we expected our findings with reported self-control to be stronger among individuals who have a chronic dieting goal than among those who do not.
Supporting this, we obtained a significant three-way interaction when predicting conflict from trial type (selfcontrol-relevant vs. comparison), self-reported selfcontrol, and dieting status, b = −0.02, 95% CI = [−0.04, −0.001], SE = 0.009, t(46008.12) = −2.24, p = .03. Decomposition of this interaction (at ±1 SD of dieting status) suggested that the previously described relationship between reported self-control and reduced conflict was strongest for those individuals currently on a diet, b = −0.20, 95% CI = [−0.34, −0.06], SE = 0.07, t(273.43) = −2.72, p = .007; all other simple slopes were not significant (see Fig. 4 ).
We note that the reported two-way interaction between trial type and self-control is one of the few interactions that fell to nonsignificance when controlling for reaction time (p = .13). However, the three-way interaction remained significant, b = −0.02, 95% CI = [−0.036, −0.003], SE = 0.0008, t(45947.78) = −2.33, p = .02. Further, all simple slopes for this three-way interaction remained unchanged when we controlled for reaction time.
Domain-specific (dieting-efficacy) measures.
We then examined whether the dieting items themselves predicted conflict. To test this, we created a composite variable averaging dieting efficacy, past success, and expected future dieting efficacy (α = .88). Using this measure, we conducted the previous two-way interaction predicting conflict from dieting self-control, trial type, and their interaction. This yielded a marginal interaction, b = 0.01, 95% CI = [−0.001, 0.024], SE = 0.007, t(45946.54) = 1.70, p = .09; however, neither simple slope approached significance (ps > .46), and the direction of the effect was such that efficacy led to nonsignificantly less conflict in the comparison trials relative to the control trials. Similarly, the three-way interaction of dieting self-control, trial type, and dieting status was not significant, b = 0.005, 95% CI = [−0.005, 0.01], SE = 0.005, t(45925.14) = 1.02, p = .30. Together, it appears that the domain-specific variable of self-reported dieting efficacy does not reliably predict (or interact to predict) conflict in either self-control or comparison trials. It is unclear why the dieting-specific measures were not predictive, but they may have been more reactive than general self-control measures (Stice, Sysko, Roberto, & Allison, 2010) .
Nature of the mouse trajectories. As in Study 1, we tested whether the nature of trajectories appeared to reflect an abrupt, impulse-inhibition profile or a smooth, dynamic profile. We again tested this by investigating whether or not a trajectory had maximum deviation greater than .9, as well as bimodality of the distribution.
Maximum deviation.
As in Study 1, a majority of trials did not display the midflight correction (as indexed by a maximum deviation < .9; see Table 1 We further predicted that these results would be moderated by dieting status, as participants on a diet would be the most likely to view the self-control trials as selfcontrol conflicts. Supporting this, we found a significant three-way interaction among self-reported self-control, dieting status, and trial type on likelihood of demonstrating abrupt trajectories, b = −0.05, 95% CI = [−0.07, −0.02], SE = 0.01, Z = −3.64, p < .001 (see Fig. 5 ). Investigation of the simple slopes revealed that this effect, whereby better self-control led to fewer abrupt trajectories, was strongest for those on a diet, b = −0.33, 95% CI = [−0.56, −0.10], SE = 0.12, Z = −2.86, p = .004; all other simple slopes were not significant. As before, controlling for reaction times rendered the two-way interaction nonsignificant (p = .17), while leaving the three-way interaction unchanged.
Bimodality. Replicating Study 1, Study 2 revealed no evidence of bimodality in the distribution of conflict scores for self-control trials, d = 0.001, p = .99 (Fig. 3) . Interestingly, when looking at the comparison trials (for which we made no a priori predictions), we saw strong evidence of bimodality, HDS = .007, p < .001.
Discussion
Study 2 revealed that participants with better self-control showed less conflict during self-control-relevant decisions (but not self-control-irrelevant decisions). Studies 1 and 2 provide convergent evidence that conflict resolution was smooth and that participants who showed abrupt (vs. smooth) trajectories reported worse self-control.
Studies 3a and 3b: Temporal Discounting
Studies 3a and 3b extended Studies 1 and 2 by manipulating self-control in a new domain-temporal discountingand not restricting choice. Temporal discounting was assessed in a delay-of-gratification task that pits an immediate smaller reward (smaller-sooner reward), against a larger delayed reward (larger-later reward; Ainslie, 1975 ; see also Cheng & González-Vallejo, 2015) . We used two self-control manipulations that produce differences in temporal discounting-order of considerations (Study 3a; Weber et al., 2007) and construal level (Study 3b; Fujita, Trope, Liberman, & Levin-Sagi, 2006) . We predicted that participants in the high-selfcontrol condition would demonstrate less conflict during successful choices than those in the low-self-control condition. We again expected trajectories on successful decisions to be smooth.
Method
Participants. One hundred ninety-one undergraduate students at Cornell University participated in Study 3a for partial completion of course requirements. Condition information was not available for 4 participants, and their data were not analyzed. We collected data from as many participants as we could before the semester ended. One hundred forty undergraduate students at The Ohio State University participated in Study 3b for partial completion of course requirements. The stopping rule was to run participants through the end of the semester (approximately 3 weeks). One participant did not finish, and only completed trials were analyzed.
Self-control manipulations.
Past work in query-order theory demonstrates that when individuals generate reasons for choosing the larger-later (vs. the smaller-sooner) option first, they are more likely to elect the larger-later option (Weber et al., 2007) . In Study 3a, we adopted a previously used manipulation (Weber et al., 2007, Study 2) in which participants generated reasons to elect both the larger-later and smaller-sooner option, but we critically manipulated (between participants) whether they first generated reasons to elect the larger-later option or the smaller-sooner option. In Study 3b, we manipulated level of construal. Construal-level theory (Trope & Liberman, 2010) states that people construct representations of events using either low-level construal, which highlights details and idiosyncrasies, or high-level construal, which highlights essential, goal-relevant features. High-level construal promotes self-control in a variety of domains (Fujita et al., 2006) . To manipulate level of construal, we had participants complete the why-how task (Freitas, Gollwitzer, & Trope, 2004 )-a task that presents participants with an action (e.g., "improve and maintain recycling levels") and asks them to provide either the superordinate goal that action serves (e.g., "save the planet"; high-level construal) or the subordinate means with which to achieve that action (e.g., "use reusable water bottles"; low-level construal). This task has been reliably found to prime high-and low-level construal, respectively, such that engaging in high-level construal on the why-how task carries over to subsequent tasks (Fujita et al., 2006) .
Procedure. Following the self-control manipulation, participants completed 180 temporal-discounting trials. In Study 3b, participants completed an additional 15 trials in which the rewards were offered at a delay of 1,000 days (see Appendix SC in the Supplemental Material for the full list). Each trial pitted a smaller-sooner option available immediately (e.g., $25 today) against a larger-later outcome available after some delay (e.g., $45 in 180 days). As in Studies 1 and 2, one option on each trial would appear in the upper left corner and one option would appear in the upper right corner. The location (left vs. right) of the smaller-sooner and larger-later options stayed constant throughout the study and was counterbalanced between participants. Participants would press a start button in the bottom center of the screen and then move their mouse to the option they preferred. To eliminate the need to process a number of different variables at once, we had participants complete trials in blocks, in each of which there was a different delay (e.g., 1 week, 1 month, 1 year). At the start of each block, we informed participants of the delay for the larger-later option (the smaller-sooner option was always available "today"). Therefore, on each trial, participants knew when each reward would be paid off but did not know the magnitude of either reward (see Fig.  6 ). After participants pressed the start button, the length of the delays would appear on screen for 1 s before the magnitude options appeared.
Additionally, Study 3a incentivized participants' performance using a modified random-lottery procedure. We told participants that a decision of one participant would be chosen at random and would be paid with real money. In Study 3b, to both give participants a break as well as ensure the manipulation had not worn off, we asked participants to complete a second whyhow prompt halfway through the trials, "improve and maintain health."
Results
Data were again prepared as in Study 1; 5.5% and 4% of trials from Study 3a and 3b, respectively, were removed from analysis on the basis of the exclusion criteria used previously. Mean initialization time after outliers were removed was 195.02 ms (SD = 215.37) and 156.47 ms (SD = 193.94) in Study 3a and 3b, respec tively. Effect of manipulation on real-time conflict. We first tested the effect of our manipulations of real-time conflict on successful choices. We predicted that participants in the high-self-control condition would show significantly reduced conflict when making better self-control decisions (i.e., choosing the larger-later option).
Study 3a.
We predicted that participants who generated reasons to take the larger-later option first (vs. the smaller-sooner option first) would show significantly reduced conflict when making better self-control decisions (i.e., choosing the larger-later option). We therefore analyzed conflict during each trial as a function of queryorder condition and whether or not participants chose the larger-later option (dummy coding: 0 = smallersooner, 1 = larger-later). This yielded a significant querycondition-by-option-chosen interaction, b = −0.07, 95% CI = [−0.12, −0.04], SE = 0.02, t(31564) = −3.88, p < .001 (see Fig. 7 ). Decomposition of this interaction revealed that, as expected, for trials on which participants chose the larger-later option, having listed reasons to choose the larger-later option first (mean AUC = 0.74, SD = 1.45) versus the smaller-sooner option first (mean AUC = 0.95, SD = 1.59) promoted significantly less conflict, b = −0.08, 95% CI = [−0.17, −0.003], SE = 0.04, t(204.48) = −2.09, p = .04. There was no effect of our manipulation on trials in which participants chose the smaller-sooner option, regardless of whether participants listed reasons to take the larger-later option first (M = 1.04, SD = 1.69) or second (M = 1.01, SD = 1.71), b = −0.007, 95% CI = [−0.09, 0.07], SE = 0.04, t(213) = −0.18, p = .86. We note that when we controlled for reaction times, the interaction remained significant, but the simple effect of condition when participants chose the larger-later option dropped to nonsignificance (p = .14).
Study 3b. We predicted that participants induced to highlevel construal would show reduced conflict when succeeding in self-control. Consistent with this hypothesis, results showed a significant interaction between construal and whether or not participants chose the larger-later option, b = −0.13, 95% CI = [−0.17, −0.09], SE = 0.02, t(25875.13) = −6.64, p < .001 (see Fig. 8 ). Decomposition of this interaction revealed that, as expected (and mirroring the results of Study 3a), for trials on which participants chose the larger-later option, high-level construal (mean AUC = 0.72, SD = 1.32) Relationship between real-time conflict and decisions. The results so far show that both manipulations of self-control influenced the real-time conflict shown during successful choices in the predicted direction. But did realtime conflict on successful decisions predict overall success on the task (choosing delayed options)? To test this, we analyzed our data controlling for the self-control manipulations. Our temporal-discounting paradigm allowed us to investigate how conflict while making the choices predicted the actual choices. If curvature toward a competing option (i.e., real-time conflict) revealed information about how tempting that option was, then the average degree of curvature toward the unchosen option across all trials should predict the overall number of choices in the entire task that were consistent with that option. We thus calculated two averages for each participant: average conflict for trials in which they chose the smaller-sooner reward, and average conflict for trials in which they chose the largerlater reward. As predicted, in both Study 3a and Study 3b, we found that conflict when choosing the larger-later option negatively predicted the proportion of larger-later decisions overall- One potential concern with these analyses is that they used conflict and choice information from the same trials. To address this, we calculated average conflict, broken down by choice, on the first half of blocks (Study 3a: Blocks 1-6, Study 3b: Blocks 1-7) and number of larger-later decisions on the second half of blocks. Mirroring the previous findings, these results showed that participants chose more larger-later decisions when they had higher conflict when making smaller-sooner decisions-Study 3a: b = 12.34, 95% CI = [9.81, 14.87 Overall, not only were these metrics significantly related to choice, but they also appeared to be capturing a large amount of the variance within overall choices-Study 3a: R 2 = .77, Study 3b: R 2 = .69 (R 2 = .55 and .39, respectively, when predicting the second half of choices from conflict in the first half of choices). Finally, although average reaction times showed similar patterns as average conflict, each significantly predicted choice data when we controlled for the other, which again suggests that real-time conflict captured distinct variance from reaction time. The one exception to this was average conflict when choosing the smaller-sooner option in the first half of Study 3b predicting choice in the second half, which dropped to marginally significant when we controlled for reaction times, b = 4.45, 95% CI = [−0.54, 9 .45], SE = 2.52, t(121) = 1.77, p = .08.
Effect of manipulation on choices.
We then tested whether our manipulations significantly influenced the likelihood of electing the larger-later option on a given trial. In Study 3a, generating reasons to elect the largerlater option first (M = 97. 
Mediation analyses.
We next conducted a bootstrap mediation analysis (Hayes, 2013) to investigate whether the effect of our manipulations on decisions was mediated by reduced real-time conflict when participants chose the larger-later option. In Study 3a, presumably because of the nonsignificant effect of query condition on choice, we found no indirect effect through conflict. In Study 3b, however, we found a significant indirect effect; specifically, high-level construal led to decreased conflict on trials in which participants chose the largerlater option, which subsequently led to significantly more larger-later decisions, b = 6.32, 99% CI = [0.62, 12.26], SE = 2.25 (see Fig. 9 ). This indirect effect remained significant when we controlled for average conflict when participants selected the smaller-sooner option (99% CI = [0.31, 10.46] ). Together, these results suggest that conflict is a significant predictor of decision making and that the construal manipulation promoted self-control in part through reduced low-level conflict during self-control decision making.
Nature of trajectories
Maximum deviation. As in previous studies, there were less abrupt trajectories than smooth trajectories in Study 3a (82% in our critical condition; see Table 2 ). Second, and more important, we were interested in whether our manipulation affected whether trajectories appeared abrupt when participants chose the larger-later option. Although we found no main effects of condition (largerlater first vs. smaller-sooner first) and option chosen (smaller-sooner vs. larger-later) on the likelihood of having a trajectory with a maximum deviation greater than .9, consistent with our predictions, there was a significant interaction between these two factors, b = −0.15, 95% As in Study 3a, the majority of trajectories in Study 3b were smooth rather than abrupt (83% in our critical condition; see Table 2 ). We again found no main effects of construal or option chosen on likelihood of having a trajectory with maximum deviation greater than .9. We did, however, find a significant construal-by-optionchosen interaction, b = −0.22, 95% CI = [−0.30, −0.15], SE = 0.04, Z = −5.92, p < .001 (see Fig. 10 ). Inspection of this interaction revealed that although construal had no effect when participants chose the smaller-sooner option, b = 0.02, 95% CI = [−0.17, 0.21], SE = 0.09, Z = 0.2, p = .84, when participants chose the larger-later option, high-level construal was related to significantly lower likelihood of an abrupt than a smooth trajectory, b = −0.21, 95% CI = [−0.39, −0.02], SE = 0.1, Z = −2.12, p = .03. Together with the results of Studies 1 and 2, this suggests that when participants succeed in self-control, overall trajectories appear to be smooth rather than abrupt. Further, participants who had less self-control or made less successful choices were more likely to show trajectories consistent with impulse inhibition.
Construal
Bimodality. We then analyzed the bimodality of the distribution of real-time conflict. Because we were most interested in the nature of participants' trajectories when they succeeded at self-control, we focused on the trials in which participants chose the larger-later option.
In contrast to Studies 1 and 2, Study 3a did reveal evidence of bimodality in the distribution of conflict when participants chose the larger-later option, d = 0.008, p < .001 (see Fig. 3 ). Furthermore, this did not change when we divided up the data on the basis of our manipulation, larger-later first: d = 0.008, p < .001, smaller-sooner first: d = 0.01, p < .001.
Inconsistent with Study 3a, and consistent with Studies 1 and 2, Study 3b revealed no evidence of bimodality when participants chose the larger-later option, d = 0.003, p = .48 (Fig. 3) . Dividing the data set further by construal did not change this conclusion-high-level construal: d = 0.003, p = .99; low-level construal: d = 0.005, p = .49. Interestingly, we did see evidence of bimodality when examining trials in which participants elected the smaller-sooner option, d = 0.005, p = .02. This effect, however, was muted when we divided the data set into high-and low-level construal, and therefore should be interpreted with caution-high-level construal: d = 0.005, p = .30; low-level construal: d = 0.006, p = .11. Overall, then, we found no evidence of bimodality in three out of four studies.
Coda. As we obtained no evidence for bimodality in Studies 1, 2, and 3b, but evidence for bimodality in Study 3a, we wanted to further investigate the likelihood of bimodality in the distribution of real-time conflict across these studies. To this end, we calculated bimodality using conflict from our conditions of interest in all four studies-self-control trials for Studies 1 and 2 and trials in which participants chose the larger-later option and in which participants were manipulated to have better selfcontrol (Studies 3a and 3b; see Fig. 3 ). If there were indeed hints of bimodality within Studies 1, 2, and 3b, by combining them together with one another and Study 3a, we might have been able to detect bimodality. Contrary to this hypothesis, however, we found no evidence of bimodality when pooling across the studies, d = 0.001, p = .99. It thus appears that, overall, we did not find strong evidence for bimodality and instead found that response distributions were largely unimodal among self-controlrelevant and successful choices. We report further analyses of distributions in the Supplemental Material.
General Discussion
These results across four studies constitute the first behavioral evidence of real-time conflict resolution during self-control decisions. The real-time conflict captured by mouse tracking seems uniquely reflective of self-control decision making rather than general deci sional ambivalence. It varied with self-control ability and uniquely predicted real food and money decisions. For example, in Studies 3a and 3b, it predicted up to 77% of the variance in intertemporal choices and did not overlap with reaction times or other mouse-tracking metrics. As such, this metric is a powerful new tool to investigate the degree of unintentional, real-time conflict during self-control-relevant choices and behaviors. The findings also reveal for the first time the way in which conflict is resolved during successful self-control choices. Across all four studies, we found evidence for smooth (rather than abrupt) trajectories during successful self-control choices, which suggests dynamic competition between goals and temptations rather than sequential unfolding (e.g., impulse inhibition). This evidence of smooth conflict resolution will critically inform theories about successful self-control going forward. Indeed, although our results most parsimoniously align with a dynamic-processes over a strict dual-systems approach, both approaches might be further specified to accommodate evidence for either smooth or abrupt resolution (see Freeman, 2014) . These findings open the door to more accurate theoretical accounts of understanding the way in which cognitive processes unfold to allow people to resist temptations.
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